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CONDITION MODELS FOR WINTERING NORTHERN PINTAILS 
IN THE SOUTHERN HIGH PLAINS 


Loren NI. Smith: 


| x = . 7 ] 
Douglas G. Sheelew™, and David B. Wester 


ABsTRACT—Three condition models for wintering Northern Pintails (Anas acuta) were tested for their ability to predict 
fat mass, logarithm of fat mass, or a condition index (CD incorporating fat mass. Equations generated to pre sdict fat mass 
and the logarithin of fat mass accounted for more than 69% of the variation in these dependent variables. Log transforma- 
tions of ‘body mass, Wing length, and total length explained at least 60% of the variation in CI. All models performed better 


on an inde pe ndent dani set. Mean pre ciceol error Was minimal (<$% 


of measured variables) and negative for all models. 


Regression models apply to live and dead pintails and thus represent tools that have utility in a wide variety of studies on 


pintail condition. 
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Biologists have used various indices for 
assessing en) nutritional status. Initially, 
only bod Vv mass was used (Eanson 1962, Folk et 
al. 1966, Street 1975, Flickinger and Bolen 
1979), but later structural variables were incor- 
porated to adjust for individual size differences 
(Owen and Cook 1977, Bailey 1979, Wishart 
1979). Ringelman and Szymezak (1955) and 
Johnson et t al. (1985) reviewed avian condition 
wae ‘es and noted the valne of an accurate index 
of lipids in migratory bird management. These 
studies noted hn scaling morphological yuri 
ables with body mass prov Baed useful indices to 
avian body condition. 

Northem Pintails (Anas acuta) are one of the 
most widespread waterfowl species in) North 
Anicrica (Bellrose 1950), but recently their pop- 
ulations have declined, making them a species 


of special concen (Smith cad 1991). Our 


objectives were to provide an equation to pre- 
dict total carcass fat (body condition) of North- 
em Pintails and to test that index on an 
independent data set. The anatomical variables 
tested are snitable for field studies. 


STUDY AREA 


The stndy was conducted in the Souther 
High Plains (SUP) of Texas, an $2.SS0-kine area 
that is one of the most intensively cultivated 


regions in the Western Hemisphere (Bolen et 
al, 1989). Twenty thousand plavas are present in 
the SHP prov iding winter habitat for waterfowl 
(Ilankos and Saath 1992), At least one-third 
(2300,000) of the Northern Pintails wintering in 
the Central Flyway winter on the SEIP (Bellrose 
19S0), 


METHODS 
Northern Pintails were collected using 
decovs and by jump-shooting on plavas and 
associated taihwater pits in the SHP from Octo- 
ber through March of 1954-85 and 19S5—S6. 
Tarsal leneth Gneasnred from the junction of 
the Abeer and tarsometatarsus to the point 
of articulation between the tarsometatarsus and 
middle toe, 0.01 mim), flattened wing chord 
(measured from the insertion of the alula to the 
tip of the tenth primary, 0.1 em), and total body 
length (measured from the tip of the bill to the 
end of the pygostyle, thus avoiding complica- 
tions due to tail feather growth. 0.1 cm) were 
recorded for each bird. During 19S5-S6 an 
additional wing measurement was recorded 
from the insertion of the alula to the tip of the 
ninth primary because the ninth primary may be 


slightly longer than the tenth. Birds were 
plac ‘ked qt. frozen. 
Ingesta and intestinal contents were 


removed in the laboratory. Birds then were 
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Tape 1. Variables used in predictive models of body coudition lor Northern Pintails | Was acuta) onthe Southern High 


Plains. Texas. 








wii \dult Juvenile Juvenile 

males G2 = 1-10) females Ga = 69) males G1 = 5$ females in = 49 
Vaniable x oh i my i Sk rT SE 
Mass (gr! 963.93 10.9-4 Soa 12.60 911.97 16.-4] 756.68 14.90 
Tarsal length (mim) 41.15 OF 35.65 23 ile 0,25 35.90 0.30 
Wing length (em) 26.58 0.06 24.69 0.08 75,02 0.10 24.25 0.09 
Total length (cm) 49.72 OR. 43.37 ne: 49.53 (92 ASale 0.19 
Lipid mass (@) W157 pear, 17320 6.33 147.93 11.07 1-48.21] 9.56 





reweighed (nearest 0.01 ¢) to determine a net 
carcass mass and refrozen (Table 1). Frozen 
birds were sectioned with a meat saw and passed 
twice through a meat grinder. The homogenate 
was dried to a constant mass in either a forced- 
air oven (60 C) or freeze drver. Dried pintails 
were reground to insure a uniform mixture. 
Lipid was extracted from 10-15 g samples using 
petroleum cther solvent in a Soxhlet apparatus 
(36-48 hrs). Fat-free div mass (FFIDM) was 
calenlated by subtracting water and lipid from 
total carcass mass (body Mass minus feathers 
and ingesta). Total carcass mass mimis water 
tnass vielded dry mass (DM). 

Three models were evaluated to predict (1) 
fat mass, (2) a condition index (CI) incorporat- 
ing fat mass, and (3) the logarithm of fat mass of 
wintering Northern Pintails. First, pintails were 
sorted by sex (age was not significant; multiple 
regression, P > .05). A predictive model for fat 
was generated for each sex using total body 
length (TOTAL), wing length (WING), tar sil 
length (TARSAL), and body mass (MASS) as 
explanatory variables. 

In model f, regression coefficients of explan- 
atory variables between sexes were not different 
(P > .05). A predictive equation applicable to 
both sexes was therefore constructed which 
included a dummy variable for sev (DSEX) as 
well as structural variables. 

The second he was constructed follow- 
ing Jolinson et al. (19S5): a Lipid Index was 
AeAined: 


Fat / FFDNI. 

Fat-free dry Inass is iInchided to correct lor size 
differences between individuals. Lipid Indes 
was transformed to: 


Lipid Index = 


Cl = log (Lipid Index + 1) 


because the structural Ineasurements are allo- 
metric and because logarithms can be used to 
linearize ratios (Johnson et al. 1985). The con- 


stant | was added to smooth the finetion. Cl ean 
be simplified to: 


Cil-= log (DNVFFDNI) 
because 
DM = Fat + FFDNI. 


Log FF DM was modeled as a finction of the 
logarithms of structural variables (LTOTAL, 
LWING, and LTARSAL) and log DM asa fiine- 
tion of these plus the logarithm of body mass 
(LMASS) (Johnson etal. 1985). Unlike Mallards 
(Anas platy hynchos; Ringelnan and Szvinezak 
1985) and Canada Geese (Branta canadensis: 
Raveling 1979), water content of wintering 
Norther Pintails fluctuated widely (Sinith and 
Sheeley 1993). Therefore, we did not test fat- 
free mass as an index to structiral size (Ringel- 
man and Szymezak 1955). 

Johnson: et al. (1985) used logarithms of 
structural variables to mode] logarithms of car- 

cass fat mass (log fat). A separate equation was 
estimated for each age/sex FrOUp (model 3) 
using dummy variables for age (DAG E) and sex 

(DSEX) because regression coefficients for 
explanatory variables differed (P< .03) among 
these four groups. 

Predictive equations were validated on a 
nes set of 40 randomly selected pintails not 
included in the gener ation of models. Percent- 
ages of each age/sex class of pintails in the inde- 
pendent sample were consistent with their 
oceurrence in the sample collection. 

Prediction errer (PE) was calculated as an 
additional test of model performance. PE: is 
defined as: 

PE = Measured Y — 
where Y is the dependent variable. Mean PE is 
an average valne for all members of the valida- 
tion data set. Finally, predicted fat. C1, and log 


fat were correlated with Lipid Index in the 
validation data. 


Predicted Y. 
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. Regression eqnations and associ: ated statistics for predicting carcass fat (model 1) content (g) in Northern 
ier acuta) collected on the Southern High Plains of Texas, October-March 1984-6. 





QIS 
TABLE 
Pintails 
: 2 
Equation Ri 
| kaa 719 


iMale: n = 19S) 


}.2 ee 
‘Female: n = 115) 


leo Aon 


‘Combined: 2 = 316) 


nd 


‘Not significant +P > 05) 


Explanatory variables 








Intercept MASS vale TOTAL DSEX 
Parameter estimate 191.854 0.560 = 13.550 4 loo —2 
SE — ().022 3.894 1.901 — 
Variance inflation factor = — Tet 1231 221 _ 
Partial R~ — 0.741 0.013 0.005 == 
Parameter estimate 145.570 0.570 = hoo 55 — 
SE — 0.035 Doo! 2.994 — 
Variance inflation factor = — 1125 122 Lie 2 = 
Partial Ro — ().691 0.007 0.007 = 
Parameter estimate 190.494 0.563 — 12.068 — 4.409 gaeneaed be 
SE — 0.018 oie 1.600 IOiss6 
Variance inflation factor  — 1.492 3,164 6.$42 5.987 
Partial Ro — 0.726 0.011 0.006 0.004 


TABLE 3. Regression equations and associated statistics for predicting Condition Index (model 2) in Northern Pintails 
(Anas acuta) collected on the Southern Iligh Plains of Texas, October—March 1954-56. 





Explanatory variables 











Equation Re 

el ‘673 
(Male: 12 = 19S) 

22 599 
(Female; » = LIS) 

23 G57 


(Combined: n = 316) 


Intercept LMASS LAVING PrOTaL DSEX 
Parameter estimate Ayo 1.37] =| 025 —0.909 — 
SE — 0.069 0.343 Ole — 
Variance inflation factor  — 1.190 L236 1.229 — 
Partial R~ — 0.656 0.015 0.014 — 
Parameter estimate =A Lolo —1.179 (710) = 
SE a= 0.10] 512 0.456 = 
Variance inflation factor — 1423 1.206 1.1476 — 
Partial R7 — 0.595 0.019 0.008 — 
Parameter estimate =). 761 1.350 — 1.080 — (0.834 =) 0201 
SE —_ O056 0.256 ().264 0.016 
Variance inflation faetor == 1.496 3.207 7.035 6.141 
Partial Ro = 0.610 0.016 0.01] 0.007 

RESULTS 


Stepwise multiple regression (maximum R? 
improvement technique) was used to generate 
and test all moclels (SAS Institute, Inc. 1985). 
Variables were eliminated that did not contrib- 
ute significantly (P < .05) to a model. Partial R° 
values were calculated for each variable in a 
\ sum of squares (Type Tl) for each 
model variable was divided by the total sum of 
squares in the model. A partial R° value for a 
given variable represents the unique contribu- 
tion of that variable when all other variables are 
already present in the model. Partial R? values 
are not additive, and, therefore, their sum will 
not equal the total model R*. Differences in 
variation accounted for by ninth versus tenth 
primary length were evaluated using the R* pro- 
cedure (SAS Institute. Ine. 1985). 


model. 


In model 1 (Table 2) body mass explained a 
major portion of variation in careass fat content 
in males (equation 1.1) and females (equation 
1.2). Total length did not account for a signifi- 
eant (P > .05) portion of variation in fat content 
for females as it did males. Based on low vatri- 
ance inflation factors (VIF), regression coeffi- 
cient estimates for each sex were stable. When 
sexes were combined through use of a dummy 

variable (equation 1.3), the VIF for TOTAL and 
DSEX were relatively high; this is largely attrib- 
utable to the high correlation between length 
and sex of bird (point biserial correlation coeffi- 
cient equal to 0.91). 
LIOTAL, .LVWING. and LTARSAL ex. 


plained variation in log FFDMNI. For modeling, 
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TABLE 4. Regression equations and associated statistics for predicting log carcass fat (model 3) in Northern Pintails Anas 
acuta) collected on the Southern Iigh Plains of Texas, October-March 1954—S6. 


Explanatory variables 








I-quation R Intercept ILMASS LWING 
Sal ei Parameter estimate =o Be | is =, 209 
(Adult male; n = 140) SE ae Q.182 0.993 
Variance inflation factor se 1.156 iia6 

Partial R™ = ().697 0.02] 

a .693 Parameter estimate Set 3.687 — 4.995 
‘Adult female; n = 69) SE mes 0.303 1472 
Variance inflation factor = 1.034 1.034 

Partial R7 = 0.687 0.05-4 

S55) ee Parameter estimate —]].066 5025 == eas 
(Juvenile male; n = 5S) SE _ (ei? 2 O09 
Variance inflation factor — 1.015 1.015 

Partial Ro —_ 0.719 0.002 

2! wap Parameter estimate —9 444 3.968 = Sod 
(Juvenile female; n = 49) SE a 0.345 psi 
Variance inflation factor = 1.109 1.109 

Partial R° = 0.720 0.013 

TABLE 5. Coefficients of determination (R°) and predic- Only variables that contributed significantly 


tive error estimates from the validation (n = 40) of predic- 
tive equations to measured variables and Lipid Index for 
wintering Northern Pintails (Anas acuta) on the Southern 
High Plains of Texas, October—-March 1954-S6. 








Mean prediction® Lipid Index 





Equation R? error (+ SE) R- 

Land 1.2 785 —9.921 + 5.850? 662 
(fat) 6.16% 

ees 765 = 9 4 2 05.3 659 
(fat) 6.24% 

el and 2.2 697 —0.0192 + 0.009] 67] 

(Condition Index) 1.51% 

2.3 700 —0.019 = 0.0092 fa 

Condition Index) 1.719% 

el —3.4 733 —0.050 = 0.0009 .634 
(log fat) 2.41% 








*Predic : ne Sette (ee : a] : ] AR are 
rediction error expressed as a percentage of the mean m the validation data 
set. 

Negative prediction error indicates overestimation of the tric valne 


log DA LMASS, LWING, and DSEX were 
significant (P< .05). Thus, Cl was modeled with 
mPOPrAL, LAWWING, LTARSAL, and MASS for 
sexes separately and combined (Table 3). As in 
model I, regression coefficient estimates were 
stable in eqnations 2.1 aud 2.2; when sexes were 
combined, multicollinearity between TOTAL 
and DSEX resulted in relatively high VIFs for 
these variables. | 

Age and sex effects were significant when log 
fat was regressed on the same explanatory vari- 
ables Reed in model 2. Furthermore, the struc- 
tural variables LMASS and LWING were the 


(P< .05), but they were not Wenigcen eons 
(P< .05) between age/sex groups. Tiree 
four equations mereeonnste len blee DAGE 
explained variation in log fat but not CL. 

Given other model variables, body mass 
(MASS and LMASS) consistently AC eoutee for 
the largest portion of variation in carcass fat 
(Table 2), CI (Table 3), and log fat (Table 4) of 
wintering Northern Pintails. Wing length 
(WING and LWING) explained 1-5% of the 
variation in carcass fat, log fat, and Cl when 
other variables were already in the models. 
TARSAL did not contribute to any model. Vari- 
ation accounted for by ninth and tenth ee 
lengths always differed by less than 1%. Conse- 
quently, ninth primary length Was not ie ee din 
any model. 

In the validation data set all models 
accounted for 69% or more of variation in car- 
cass fat mass, Cl and loe@ fat (Table 3), All 
models explained less than 70% of the \ PEM 
in Lipid Index for validation data-set birds. Bias 
in all models was relatively low and negative. 
Predictive eqnatious overestimated fat mass. 
C1. and log fat of validation data-set pintails. 


DISCUSSION 


A useful condition index will save finds by 
eliminating the need for expensive laboratory 
analyses nad will lessen the need to sacrifice 
hirds for direct nutrient analyses. The problemis 


associated with nsing body mass alone as an 
index to condition of mign atory birds have been 
noted (Bailey 1979, Wish: art L979, Iverson and 
Vohis 1982. Johnson et al. 1985). Because indi- 
viduals vary in structural size, body mass will 
reflect that variability in muscle and bone, in 
addition to variation in lipids. 

Models have been developed that predict fat 
content in waterfowl, but these require sacrifice 
and dissection of the bird (Woodall 1978S, is 
pell and Titman 1983, Thomas et al. 1983, 
White and Bolen 1984). T These equations mav 
incorporate skin (subcutaneous), abdominal 
(omental), and/or intestinal (visceral) tat mass, 
and often account for most of the variation in 
total body-fat content. Our study was designed 
to dev celop models using explanatory Gvaablés 
that could be applied to live as well as dead 
pintails. 

Miller (1959) developed regression models 
to predict carcass fat on live pintails from Sac- 
ramento Valley, California, but cautioned 
against their use outside that region. Our regres- 
sion models for carcass fat provided better esti- 
mates of fat (R? > .71) for live pintails than those 
developed for California birds (R° < .66). Hlow- 
ever, similar to Miller's (1989) study, body mass 
alone accounted for most of the variation (R? > 
.69) in pintail carcass fat. 

The possibility of a condition bias anong 
waterfowl captured in baited traps versus the 


general population has been — addressed 
(Weatherhead and Ankney 1984, 1955, 
Burnham and Nichols 19S5), Hypothetically, 


birds in poor condition may be hungrier, less 
wary, and more likely to e ntera trap ¢ ontaining 
food. Condition models could be used to test Pat 
evidence of a body-condition bias, given that 
samples of pintails capture sd both in baited traps 
and by presumably less-biased methods (e.¢., 
net oun) are available. 


Models could be used to test for annual 
variation in body condition and for changes in 
condition across the winter. Ringelman and 
Szvinezak (19$5) demonstrated ne potential of 
condition indices in dete rinining spatial differ- 
ences in body condition and the preterability of 
condition indices to use of body mass alone. 
[leppet al. (1986) also used condition indices to 
document a positive relationship between con- 
dition and survival in mallards. 
These pintail condition models should be 
usefil to waterfowl biologists. However, models 
should be verified when used outside the gceo- 
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graphical range in which they were developed. 
For comparisons between age and sex classes 
we encourage nse of model 3. Research also may 
require knowledge of absolute fat content. 
Inportance of accuracy and precision will affect 
inode selection, Care should be exercised to 
restrict model use to winter when changes in 
body mass primarily reflect fnctuations in fat, 
not fat-free drv mass (i.e.. protein and mineral 
fractions). 
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